ISSR markers present a precisely discriminatory power in tree peony cultivar classifi cation without environmental infl uences. The cultivars with multiple fl ower forms, which makes it diffi cult to make judgment by means of a fl ower-form-based classifi cation system, have been signifi cantly characterized using leaf morphology or ISSR markers.
Applicability of Leaf Morphology and
Chinese tree peony cultivars usually are classifi ed based on characters of fl ower form and color. Yu and Yang (1962) and Yu (1998) reported 11 kinds of fl ower forms, Wang (1998) reported 16 fl ower forms, whereas Li (1999) believed that there are 14 fl ower forms. However, current fl ower-form based classifi cation systems of Chinese tree peony cultivars could not provide satisfactory solutions concerning those plants with multiple fl ower forms or transitional fl ower forms. But, fl ower characters of tree peony cultivars are affected by environmental infl uences and developmental levels. Thus, judgment of fl ower forms depends on the observer (Li, 1999; Wang, 1998; Yu, 1998) . Also, fl ower color is a horticultural trait that is diffi cult to apply extensively, as fl owering period is 1 month each year. Precise and rapid cultivar identifi cation methods are in urgent need in management of cultivar collections, as well as in tree peony breeding programs. Tree peony cultivars are propagated vegetatively following traditional propagation methods in China. Morphological variation between individual plants within a cultivar is small because of comparatively consistent cultivation conditions. However, leaf morphological characters are limited in classifi cation of tree peony cultivars due to less detailed study of leaf morphology of cultivars. Leaf morphological characters usually are regarded as unimportant (secondary) characters or even are ignored (Li, 1999; Wang, 1998) . For example, Chen and Ding (1992) did not mention leaf morphological characters when they conducted an evaluation on ornamental values of major characters of 47 tree peony cultivars using analytic hierarchy process (AHP). However, Hamada et al. (1989) found that the fi rst component (Z 1 ) is correlated highly with items showing foliage size according to multivariate analysis on 18 morphological characters (such as roots, stem, leaf and fl ower, etc.) of 26 Japanese tree peony cultivars. Yuan and Wang (2003) used the morphological characters of the third (herein designated no. 3) biternately compound leaf from the base of a shoot as one of the standard characters for analyzing the relationship of the wild species of Paeonia sect. Moutan subsect. Vaginatae F.C. Stern. Zhou et al. (2003) used 25 morphological Table 2 . Variation of leaf morphological characters among cultivar differentiation and within cultivars. See Fig. 1 33.6 ± 3.5cd 10.6 ± 1.9dc 22.9 ± 2.1c 8.5 ± 0.6b 9.2 ± 1.3d 11.2 ± 1.7b 5.3 ± 0.9a 61.7 ± 6.3b 8.0 ± 1.0e 5.6 ± 0.9b 58.6 ± 7.0c 'Ying Luo Bao Zhu' 27.2 ± 1.3e 10.1 ± 0.6d 16.6 ± 1.1d 6.3 ± 0.6c 8.4 ± 1.5e 7.1 ± 1.2d 2.4 ± 0.4d 64.0 ± 7.0b 7.7 ± 0.6e 3.6 ± 0.4d 57.6 ± 5.5c 'Zhu Ye Qiu' 41.2 ± 4.9a 16.1 ± 3.9a 25.2 ± 2.6b 10.9 ± 1.6a 9.6 ± 0.9d 12.2 ± 2.8ab 5.1 ± 0.9a 65.2 ± 8.8b 10.1 ± 0.9c 7.0 ± 1.2a 63. 4 ± 10.8b T he fi rst lateral compound leaf 16.3 ± 2.7bc 3.0 ± 0.6b 11.8 ± 1.4b 9.9 ± 2.6cb 2.5 ± 1.0c 50.4 ± 5.3c 9.6 ± 1.1a 4.3 ± 0.7c 46.0 ± 4.1f 'Ling Hua Zhan Lu' 18.8 ± 2.8a 3.1 ± 0.7b 13.3 ± 1.0a 10.4 ± 3.3b 2.9 ± 1.2cb 48.7 ± 5.1c 8.8 ± 1.6b 4.7 ± 0.8c 55.3 ± 7.1de 'Sheng Dan Lu' 18.0 ± 2.7ab 2.6 ± 0.9b 12.5 ± 1.4ab 8.8 ± 2.2c 3.3 ± 1.3b 59.3 ± 5.8b 7.5 ± 1.3c 4.3 ± 0.8c 70.2 ± 7.1b 'Shou An Hong' 13.3 ± 2.9d 1.6 ± 0.5c 10.1 ± 1.2d 10.0 ± 2.2cb 2.5 ± 1.3c 81.3 ± 9.2a 7.1 ± 0.7c 7.1 ± 0.9a 85.1 ± 9.2a 'Wan Shi Sheng Se' 14.0 ± 3.3d 2.8 ± 0.9b 9.9 ± 1.6cd 7.5 ± 2.3d 1.8 ± 1.0d 47.9 ± 8.8c 7.2 ± 1.4c 4.3 ± 0.8c 51.0 ± 6.6e 'Wu Long Peng Sheng' 15.7 ± 2.4c 3.5 ± 0.5a 8.3 ± 1.0e 9.2 ± 1.7cb 4.2 ± 0.9a 60.9 ± 5.3b 5.9 ± 1.2d 5.6 ± 1.2b 59.5 ± 6.7cd 'Ying Luo Bao Zhu' 10.8 ± 1.2e 1.6 ± 0.4c 7.5 ± 0.8f 5.3 ± 0.8e 1.8 ± 0.4d 61.0 ± 5.0b 5.3 ± 0.5d 3.4 ± 0.3d 67.2 ± 7.2b 'Zhu Ye Qiu' 17.2 ± 2.7abc 2.8 ± 1.1b 10.1 ± 1.4c 11.8 ± 1.7a 4.4 ± 1.1a 61.9 ± 5.2b 8.4 ± 1.1b 6.8 ± 1.2a 62.2 ± 7.5c z Means followed by the same letter in the same column are not signifi cantly different at 0.05 level. Twelve variables (after leafl et width was replaced by the leafl et length to width ratio) were used in cluster analysis. RAPD marker system are still at the stage of optimizing experimental conditions or exploring methods, although some tendencies have been revealed. Similar to RAPD markers, but with higher polymorphism and reproducibility, intersimple sequence repeat (ISSR) markers have been applied extensively in studies on origin, evolution and genetic relationship of plants and cultivated varieties, and molecular marker-assisted breeding in recent years (Godwin et al., 1997) . The objective of this paper is to analyze and evaluate the feasibility of leaf morphology and ISSR markers in classifi cation of tree peony cultivars.
Materials and Methods
Materials. Seventeen plants, 12 to 15 years old, representing eight Chinese tree peony cultivars ('Jiu Zui Yang Fei', 'Ling Hua Zhan Lu', 'Sheng Dan Lu', 'Shou An Hong', 'Wan Shi Sheng Se', 'Wu Long Peng Sheng', 'Ying Luo Bao Zhu' and 'Zhu Ye Qiu') under cultivation in Beijing Botanical Garden, Chinese Academy of Sciences, were used in this study (see Table 1 and the taxonomic key). The biternately compound leaf of all of the cultivars typically is comprised of nine leafl ets (Fig. 1) . For gDNA extraction, leaves were collected in spring before fl owering time and dried using silica gel.
Leaf morphological data. Morphological data were collected on 20 morphological characters from 18 to 27 biternately compound leaves (nos. 3, 4, and 5 from the base of a shoot) from 6 to 9 shoots sampled at the middle crown of the plants for each cultivar when the leaves reached matured sizes by the end of June. Usually, there are seven to nine biternately compound leaves on each shoot. The part of the compound leaf comprising of the upper three leafl ets is defi ned as the main compound leaf; the three leafl ets on the right side of the central axis of the main petiole is defi ned as the fi rst lateral compound leaf; and the three leafl ets on the left side as the second lateral compound leaf. According to preobservations, it was found that the lower two leafl ets in each compound leaf are symmetric, and the fi rst and second compound leaves are also symmetric (unpublished data). Thus, data from the terminal and the fi rst lateral leafl ets of the main and second compound leaves for each biternately compound leaf were used in characters including leafl et shape and apex to analyze phylogeny of Paeonia section Moutan.
Advances in molecular biotechnology have enabled us to use information directly from DNA in evaluation of genetic resources of plants and classifi cation of cultivars. Sang et al. (1997) revealed phylogenetic relationship of fi ve wild species of Paeonia sect. Moutan using sequences of rDNA ITS region, matK gene, trnL-trnF region and psbA-trnH region, but these gene sequences presented minor variations at species level, without resolution at cultivar level. Pei et al. (1995) Hosoki et al. (1997) analyzed the relationship between 14 Japanese tree peony cultivars, 5 yellow fl owering hybrid cultivars, P. lutea Delavayi ex Franch. and P. lactifl ora Pall. using RAPD markers. Zou et al. (1999) analyzed genetic relationship of eight species in Paeonia sect. Moutan based on RAPD data. Chen et al. (2001 Chen et al. ( , 2002 discussed genetic relationships of around 30 tree peony cultivars based on RAPD markers indicating that RAPD fi ngerprinting technique was able to reveal genetic relationship of tree peony cultivars that are diffi cult to describe using morphological characters or fl ower color. However, most studies on tree peony wild species and cultivars using further analysis. A biternately compound leaf includes three compound leaves totaling 9 leafl ets (Fig. 1) . DNA extraction and primer screening. gDNAs were extracted from leaves using improved CTAB extraction method (Doyle and Doyle, 1987; Wang et al., 1996) with polysaccharides removed using 2 mol/L NaCl solution. Six of seventy ISSR primers were confi rmed to be effective to produce clear and reproducible band patterns. The codes, sequences and annealing temperatures of the primers formally used in PCR amplifi cation are 1) ISSR-01: (CA) 6 Data analysis. On the basis of preobservations, a data set of the 20 characters was collected consisting of 4896 data. ANOVA and Duncan's test were used for principal components analysis (PCA). Sixteen characters presented signifi cant differences (P < 0.001, in all analyses) between cultivars tested. Duncan's multiple range test, nested analysis of variances and PCA were performed using SAS software package (version 6.12). According to Ge et al. (1988) , differentiation coeffi cient of each morphological character among cultivars V st is defi ned as V st = (σ t 2 /s)/(σ t 2 + σ t 2 /s), indicating the total percentage of morphological variation among cultivars, where σ t 2 /s represents variance component of each morphological character among cultivars; σ t 2 represents variance component of each morphological character within cultivars; σ e 2 represents random error. Variance coeffi cient of each morphological character was computed as standard error divided by mean value. Twelve characters with signifi cant discriminatory ability were selected based on the results of PCA for cluster analysis that was performed with NTSYS-pc version 2.02a (Rohlf, 1997) using the unweighted pairgroup method. Arithmetic averages (UPGMA) were used after leafl et width was replaced by the leafl et length : width ratio (data not shown). All of the data were standardized so as to analyze the relationship of cultivars.
Only PCR fragments (bands) of 200 to 1500 bp were calculated with Quantity One software (Version 4.2.1) for molecular weights. ISSR markers were scored on the basis of the presence (1) or absence (0) of band at each locus of the samples. A 0 and 1 matrix was created for computing Nei-Li distances. A phylogenetic tree was generated using UPGMA method with PAUP 4.0b10 software (Swofford, 2001 ). MXCOMP program was used to compare Euclidean morphological and ISSR distances (Rohlf, 1997) .
Results
Analysis of leaf morphology. Preobservations indicated that the morphological characters of nos. 3, 4, and 5 biternately compound leaves from the base of a shoot at the middle crown of a plant presented a good stability.
Although there exist large variations of leaf morphology among/within tree peony cultivars. Table 1 shows the mean values of 20 leaf morphological characters of the biternately compound leaf of eight tree peony cultivars. Four characters were judged as unsuitable factors in cultivar classifi cation and excluded from the dataset in PCA, since their numerical values (Table 1) were similar among cultivars and the differences between cultivars (Table  1) were not signifi cant according to statistical analysis, and also, variance coeffi cients (Table  2 ) and random errors of variance component (Table 2 ) are larger. These included the full length of the biternately compound leaf (L 1 ), the main petiole length of the biternately compound leaf (L 2 ), the full length of the main compound leaf (L 3 ) and the petiole length of the main compound leaf (L 4 ). The remaining 16 leaf morphological characters with smaller within cultivar variations and larger among cultivar differentiations (Table 1 and Table 2 ) were considered to be useful for evaluation of discriminatory ability of tree peony cultivars. PCA results of the sixteen characters indicate that three principal components (Z 1 , Z 2 , and Z 3 ) could reveal 87.8% of the total variation of leaf morphology. Z 1 (with a contribution of 44.17%) was correlated highly with the four variables of leafl et width (i.e., L 6 , L 9 , L 13 , and L 16 ) and correlated moderately with the three variables of leafl et length (L 5 , L 8 , and L 12 ). Z 2 (with a contribution of 28.86%) was correlated highly with the three variables of petiole length (L 7 , L 11 , and L 14 ) and the full length of the fi rst lateral compound leaf (L 10 ), and also correlated moderately with the four variables of leafl et length (L 5 , L 8 , L 12 , and L 15 ). Z 3 (with a contribution of 14.78%) was correlated highly with the four variables of leafl et length (L 5 , L 8 , L 12 , and L 15 ) (Figs. 3 and 4) . No correlations were found between the apex angles (θ 1 , θ 2 , θ 3 , and θ 4 ) and the three principal components. Thus, apex angles were excluded from the dataset used for cluster analysis. In scatter diagram on Z 1 -Z 2 plane (Fig. 5) , two individuals of 'Wu Long Peng Sheng' were grouped loosely. However, they were grouped closely in scatter diagram on Z 1 -Z 3 plane (Fig. 6) indicating that there existed leaf morphological variations within cultivar 'Wu Long Peng Sheng'. Whereas the other individual plants were positioned closely with each other by cultivar. Twelve leaf morphological characters with smaller variations within cultivars (2.7% to 27.1%, 16.8% on the average) and with larger differentiations among cultivars (72.9% to 97.3%, 83.2% on the average) were selected by screening using PCA for cluster analysis of the relationship of the cultivars. At the Euclidean distance value of 4.0, eight cultivars were divided into 3 groups (Fig. 7) . Cultivars positioned in one group can be regarded as morphologically closer cultivars. Group I consisted of 'Zhu Ye Qiu', 'Wu Long Peng Sheng' and 'Shou An Hong'. Group II included 'Ying Luo Bao Zhu' and 'Wan Shi Sheng Se'. Group III was comprised of 'Jiu Zui Yang Fei', 'Sheng Dan Lu' and 'Ling Hua Zhan Lu'.
ISSR marker analysis. Eighty-one bands, including 62 polymorphic bands, were detected by the six selected primers. ISSR fi ngerprinting patterns were same within a cultivar (Fig. 2) , identical with traditional vegetative propagation methods of Chinese tree peony cultivars.
In Fig. 8 , eight cultivars were divided into two branches, the branch containing 'Zhu Ye Qiu', 'Wu Long Peng Sheng', and 'Ying Luo Bao Zhu' obtained 95% bootstrap support, and the other branch consisting of fi ve cultivars obtained 63% bootstrap support.
Comparison of morphological and molecular data. Both datasets using two methods (PCA and UPGMA) supported the close relationship morphologically and genetically between 'Zhu Ye Qiu' and 'Wu Long Peng Sheng' as well as the relationship between 'Jiu Zui Yang Fei', 'Sheng Dan Lu', and 'Ling Hua Zhan Lu'. 'Zhu Ye Qiu', 'Wu Long Peng Sheng', and 'Shou An Hong' each have purplish-red fl ower color. They were discriminated using either of the two methods, but their close relationship was supported only by leaf morphological data. The three cultivars named 'Jiu Zui Yang Fei', 'Sheng Dan Lu', and 'Ling Hua Zhan Lu' belong to a pinkish-purple color series (Wang 1998) . They could be discriminated and grouped together using either of the two datasets, 'Wu Long Peng Sheng' and 'Ling Hua Zhan Lu', which all produce hundred proliferate fl ower forms, could be characterized using either of the two datasets, and so did in the case of 'Ying Luo Bao Zhu' and 'Sheng Dan Lu' which all produce crown proliferate fl ower forms, as well as in the case of 'Wan Shi Sheng Se', 'Shou An Hong', and 'Jiu Zui Yang Fei' which all can produce crown-like fl ower forms. Also, 'Jiu Zui Yang Fei' with multiple fl ower forms (lotus or anemone, sometimes crown-like fl ower form) was signifi cantly characterized using either of the two datasets, although it is diffi cult to make judgment using the fl ower-form based classifi cation system. However, correlation between Euclidean morphological and ISSR molecular distances was low (r = 0.3569, p = 0.045).
Discussion and Conclusion
'Shou An Hong', the only triploid (Li et al., 1982) known among diploid Chinese tree peony cultivars is separated easily. It possessed unique leaf morphological characters, such as leafl et large-sized, thick and orbicular, with an apex angle of 80 to 100°, with signifi cantly dense and short vellus hairs on the lower side. Shared characteristics among 'Shou An Hong', 'Zhu Ye Qiu', and 'Wu Long Peng Sheng' included that the terminal leafl et length of the main compound leaf (L 5 ) was obviously smaller than the width (L 6 ), explaining why they were grouped closely according to morphological distances (Fig. 7) . However, they possessed different leaflet shape (see the taxonomic key). 'Ying Luo Bao Zhu' has small leafl ets, and its uppermost scaly bud attaching at the tip of a super-short branch (about 0.5 cm long) protruded from the axil on the lignifi ed part of the current year shoot which just experienced fl ower-blooming. 'Jiu Zui Yang Fei' possesses relatively sparse (fewer) branches, long internodes and diverse postures (obliquely ascending, right angle attachment or pendulous) of leaves or leafl ets, just as the meaning of the cultivar's name in memory of the dancing posture-Drunken Beauty-of Yu huan Yang, the famous imperial concubine after she became tipsy in Tang Dynasty in ancient China. 'Sheng Dan Lu' has large-sized and thick leafl ets. Terminal leafl ets are long-ovate and lateral leafl ets lanceolate, mostly without notches. Surface dark green, obliquely ascending, leaf posture neat. Flowers are often shaded partially or slightly by leaves at anthesis due to its short pedicels. These are distinct characteristics for recognition. 'Wan Shi Sheng Se' and 'Ling Hua Zhan Lu' could be segregated using leaf color, shape and petiole length as described in the taxonomic key. Petiole color was comparatively not so effective (signifi cant) as the above-mentioned characters when cultivar identifi cation was conducted by eye.
A taxonomic key to the eight tree peony cultivars.
'Mei Gui Hong' was bred through isolation and grafting of bud mutation of 'Wu Long Peng Sheng' in 1971 in Heze, Shandong Province (Li, 1999, p. 112) . In this study, detectable variations in the leaves of 'Wu Long Peng Sheng' were found, mainly including the three petiole length variables (L 7 , L 11 , and L 14 ) and the full length of the fi rst lateral compound leaf (L 10 ) with which Z 2 (with a contribution of 28.86%) was correlated highly, indicating that 'Wu Long Peng Sheng' itself possessed morphological variability.
Only a moderate correlation (r = 0.41 ) was detected between morphology and RAPD (random amplifi ed polymorphic DNA) molecular markers in Rheum L. spp. (culinary rhubarb cultivars) (Persson et al., 2000) . In Lolium perenne L. (perennial ryegrass), there was no signifi cant relationship between morphological and either AFLP (amplifi ed fragment length polymorphism) (r = 0.06 ) or STS (sequence tag sites) (r = 0.42 ) distances (Roldán-Ruiz et al., 2001 ). However, in Chaenomeles Lindl. (Rosaceae), a comparatively higher correlation (0.71, p = 0.049) was found between RAPDs and leaf shape descriptors ( Rumpunen and Bartish, 2002 ) . In this study, disparity between morphological and ISSR data is not surprising, as morphological characters usually are regulated by multiple genes and ISSR markers are dominant. These two kinds of characters do not necessarily have direct association. Indeed, it should be remembered that the morphological characters may also be affected by environmental factors to some extent, although this possibility had been minimized by sampling and PCA screening strategies.
In conclusion, there exist large variations in leaf morphology of tree peony cultivars due to the infl uences from environmental conditions and developmental levels. However, twelve morphological characters of nos. 3, 4, and 5 biternately compound leaves from the base of a shoot at the middle crown of the plant are valuable characters for cultivar identifi cation. An ISSR marker system could be used to conduct precise and rapid discrimination of tree peony cultivars without infl uences from environments. ISSR fi ngerprinting patterns were same among individual plants within a cultivar. This agreed with the fact that all individuals within a cultivar came from same parent plant through vegetative propagation. Also, our results suggest that genetic differentiations have occurred simultaneously and signifi cantly at leaf morphological and ISSR molecular levels during the long-term artificial selections at the fl ower part of tree peony cultivars. Further studies on genetic variations of leaf morphology (also other vegetative characters) and ISSR markers through large-scale sampling of tree peony cultivars may be useful for improving the system of classifi cation and identifi cation.
